Abstract: Land degradation poses a major threat to agricultural production and food security in Ethiopia, and sustainable land management (SLM) is key in dealing with its adverse impacts. This paper examines the covariates that shape rural livelihood diversification and examines their effects on the intensity of adoption of SLM practices. Household-level data were collected in 2017 from 270 households in three drought-prone watersheds located in northwestern Ethiopia. We used the Herfindahl-Simpson diversity index to explore the extent of livelihood diversification. A stochastic dominance ordering was also employed to identify remunerative livelihood activities. A multivariate probit model was employed to estimate the probability of choosing simultaneous livelihood strategies, and an ordered probit model was estimated to examine the effect of livelihood diversification on the adoption intensity of SLM practices. In addition to mixed cropping and livestock production, the production of emerging cash crops (e.g., Acacia decurrens for charcoal, and khat) dominated the overall income generation of the majority of farmers. Stress/shock experience, extent of agricultural intensification, and agro-ecology significantly affected the probability of choosing certain livelihood strategies. Livelihood diversification at the household level was significantly associated with the dependency ratio, market distance, credit access, extension services, membership in community organizations, level of income, and livestock ownership. A greater extent of livelihood diversification had a significant negative effect on adopting a greater number of SLM practices, whereas it had a positive effect on lower SLM adoption intensity. Overall, we found evidence that having greater livelihood diversification could prompt households not to adopt more SLM practices. Livelihood initiatives that focus on increasing shock resilience, access to financial support mechanisms, improving livestock production, and providing quality extension services, while also considering agro-ecological
to the state), and lack of participation from the local community. Moreover, the proximate causes are believed to be unsustainable agricultural practices, uneven topography, and high fuel-wood consumption [33] [34] [35] [36] [37] . Therefore, in the context of land degradation and food security problems, the essential role of livelihood diversification in Ethiopia has focused on addressing shocks and enhancing household coping strategies [38] [39] [40] [41] .
Despite the inseparable and practical links between livelihood diversification and sustainability of the farming system in Ethiopia [42, 43] , few studies have sought to understand the linkage between these interdependent goals. As in other developing countries, rural households in Ethiopia have been undergoing considerable socioeconomic and environmental transitions in recent years, and this has brought both opportunities and challenges in terms of livelihoods [27, 41, [44] [45] [46] . As a result, rural households are trying to diversify their household economies to either survive or generate additional income to secure their livelihoods, regardless of the impacts on the natural resource base [8, 28, 29, 31, 32, 47] . Despite decades of land rehabilitation efforts by governmental and non-governmental organizations that have addressed land degradation and the associated loss of production and productivity, as well as improving rural livelihoods, the efficiency and adoption rates of promoted land management practices have shown mixed results [48] [49] [50] [51] [52] .
Many studies related to sustainable land management (SLM) practices and livelihood diversification have focused either on processes at the farm level [49, 52, 53] or the extent of adoption as influenced by socioeconomic and behavioral factors [51, 53, 54] . With a growing number of alternative non-and off-farm livelihood activities in rural economies, like those available in Ethiopia, little is known about the relationship between livelihood diversification efforts and the extent of adoption of SLM practices. Moreover, some efforts at livelihood diversification seem to have had a deagrarianization effect in some parts of Ethiopia [55, 56] . We, therefore, think that looking at the relationship between livelihood diversification and uptake of SLM practices is imperative, because engaging in diverse livelihood activities could be associated more with earning additional income than with sustainable agriculture.
Hence, the main purpose of this study was to elucidate both the motivations that drive rural households to diversify livelihood activities and their probable links with the implementation of SLM practices in the Upper Blue Nile basin of Ethiopia. The specific objectives were to: (1) explore the extent and determinants of household livelihood diversification and (2) investigate the relationship between livelihood diversification and adoption intensity of SLM practices. On the basis of household survey data collected in November and December 2017 from three rural watersheds located in different agro-ecological zones, we analyzed the extent of livelihood diversification by using the Herfindahl-Simpson index and applied a multivariate probit model to estimate the probability of choosing certain livelihood activities. Moreover, an ordered probit model was estimated to determine the effects of livelihood diversification on intensity of adoption of SLM practices.
The rest of the paper proceeds as follows. Section 2 presents details of the methods used and describes the data and summary statistics of the explanatory variables. Our main results and discussion about livelihood diversification and its effect on SLM adoption are presented in Section 3. Concluding remarks and policy implications are discussed in Section 4.
Materials and Methods

Study Area
This study was carried out in three watersheds of the Amhara and Benishangul-Gumuz national regional states of Ethiopia, in the Upper Blue Nile basin (Figure 1 ). People in the three study communities in the watersheds, Aba Gerima (in the Bahir Dar Zuria district), Guder (in the Fagita Lekoma district), and Dibatie (in the Dibatie district), primarily make their livelihoods from a mixed crop-livestock production system. The study area ranged from 1479 to 2900 m above sea level and from the highland to lowland climatic zones representing three different agro-ecological regions (Dega, Woyena Dega, and Kolla) of the Upper Blue Nile basin [53] . The major crops grown are barley (Hordeum vulgare L.), teff (Eragrostis tef Zucc.), wheat (Triticum aestivum L.), and potato (Solanum tuberosum L.) [53] . Cattle, sheep, goats, donkeys, and horses are the dominant livestock raised.
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Data Collection
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Primary data were obtained from the sampled respondents by using a structured questionnaire to generate quantitative data on household characteristics, socioeconomic parameters, market access, community institutions, and educational levels of farmers through in-person interviews conducted in November and December 2017. The household was the unit of analysis. Sampling procedures are discussed in the next section.
Sampling Procedure, Data, and Data Analysis
To select sample households for the study, we used a two-stage sampling procedure. First, on the basis of their specific experiences with SLM practices and varied biophysical and socio-economic characteristics, three watersheds representing different agro-ecological settings were selected: Guder (highland), Aba Gerima (midland), and Dibatie (lowland). Second, household respondents from each watershed were selected randomly by using a probability proportional to size sampling procedure. To gain a better understanding of SLM practices and socioeconomic conditions in these areas, we held a participatory rural appraisal in which we were able to understand the collective dynamics of socio-economic conditions, livelihood shifts and available opportunities in the watersheds. Before the main survey, 15 questionnaires were administered (five in each watershed) in October 2017 to examine the appropriateness of the predesigned set of questions in the selected watersheds. Finally, the household survey was administered to 270 households. The household survey collected detailed information on key socioeconomic and other parameters such as household demographic characteristics, education, asset holdings, livelihoods, income, shock/stress experience, implemented SLM practices, and membership of formal or informal organizations (Table 1) . Data management and analyses were performed by using Stata ver. 14.1 (Stata Corp LP, College Station, TX, USA). 
Empirical Model
Respondents were asked to indicate the household's major livelihood activities according to six categories; crop production, livestock production, charcoaling, khat cultivation and daily labor. A related question on the amount of income derived from each livelihood activity over the past 1 year gave us additional means to understand livelihood structures at the household level. In accordance with past studies [6, 20, 62] , we classified livelihood activities as on-farm livelihood activities comprising crop and livestock production, off-farm activities (which included earning wages for work on other farms), non-farm activities where income was earned from non-agricultural sources, and self-employment. We also included petty (minor) trading, beverage making, charcoal making, housing rental, and formal and informal transfers. We then calculated the income share of each livelihood activity carried out by the household in a given year, as follows:
where n represents the number of livelihood activities, q i is household income from activity i, and S i is the share of livelihood activity i in a given household in 1 year. To identify the most remunerative livelihood strategies, we evaluated the variabilities in returns from various livelihood strategies by using stochastic dominance analysis [63] . In addition, the cumulative per capita annual income densities for major livelihood strategies were plotted to approximate the income distribution of households engaged in each livelihood strategy. As noted by Buckley [63] , a typical livelihood strategy first-order stochastically dominates another livelihood strategy when it has a lower cumulative density, thereby proving that households are drawing higher incomes from that strategy. Hence, taking each livelihood activity's income distribution, we were able to test for stochastic dominance. One Way Analysis of Variance (ANOVA) was used to test the differences in livelihood income shares. Moreover, the chi-squared test was used for understanding the difference in households livelihood opportunity choices.
To understand the extent of livelihood diversification, we adopted the Herfindahl-Simpson diversity index, which is commonly applied in ecological and marketing research [64, 65] . Although there are many different diversity index methods, this measure of index enable us to use the degree of diversification as a measure of the size of each livelihood activity in relation to its containing groups (in our case, a household's total income), while assessing the activity's diversification and dominance at the same time [6, 19, 66] . In accordance with the methods of Djido and Shiferaw [9, 67] , the indices were calculated by using the following formula:
where HHI i is the Herfindahl-Simpson diversity index, S 2 i is the squared income share from each livelihood activity, i is the activity and n is the number of livelihood activities. As stated by Smith and Wilson [68] , to address limitations related to evenness and dominance characteristics, we used the total number of livelihood activities to normalize the Herfindahl-Simpson diversity index:
where HHI i refers to the normalized Herfindahl-Simpson diversification index, which ranges from zero (specialization in one activity) to one (full or complete diversification). As stated by Djido and Shiferaw [67] and Brezina et al. [69] , higher normalized index values indicate a greater amount of diversification. For the three simultaneous livelihood choices (i.e., on-farm, off-farm, and non-farm livelihood activities) we estimated a multivariate probit model. The model adopted in this particular study has been used extensively in studies of technology adoption, information and knowledge transfer, labor-related decisions for on-and off-farm employment, and participation in agro-environmental programs [70, 71] .
We first modeled a random utility for the decision to pursue any livelihood activity. In the utility function, we assumed that households decide to implement a certain livelihood strategy on the basis of maximizing utility, i.e., U* j − U o > 0. Hence, in the utility function, the net benefit of a livelihood activity (B* ij ) could be fit as follows;
where B* ij is the household's net benefit, which is indicated as a function of a vector of exogenous household variables x i ; β refers to parameter estimates; n is the number of households; and u i is the error term. Therefore, a typical household would choose a given livelihood strategy in the pursuit of gaining higher household income. Hence, a general multivariate probit model could be specified as follows:
where B ij (j = 1, . . . , m) is a vector of livelihood activities (in our case m = 3) performed by the ith household, x ij is vector of observed variables that affect the decision to choose any type of livelihood activity, β j is vector of unknown parameters, and µ i is the error term.
As indicated by Greene [72] , the multivariate probit model follows a series of independent probit models for each alternative livelihood activity j. Note that rural households are likely to undertake multiple livelihood activities simultaneously; thus, it is likely that the decisions among choices are correlated. As a result, the unobserved error terms for the estimated probit models would not be independent. If we were to ignore this characteristic of the outcome variables, the result would be a biased estimate of the probabilities and parameters. In the multivariate probit approach to estimating the unknown parameters in Equation (5), the error terms (across j = 1, . . . , m alternatives) of the latent equation are assumed to have multivariate normal distributions, and this results in a model with a mean vector equal to zero and a covariance matrix R with diagonal elements equal to one.
With the assumption of multivariate normality, the unknown parameters in Equation (5) can be estimated by using maximum likelihood procedures. The probabilities were computed by using the Geweke-Hajivassiliou-Keane simulation procedure [73] .
To model the association between livelihood diversification and implemented SLM practices, reported practices were taken as outcome variables. The respondents were asked about a total of 18 of SLM practices, including soil fertility management, soil and water conservation, and gully rehabilitation. We summarized the results and took the 10 most frequently practiced SLMs as outcome variables for the model estimation. We estimated an ordered probit regression model [49, 52, 74] , which was suitable for count data like ours.
In analyses of the adoption of some technologies, it is essential to note that they will be implemented to different extents by different farmers. In this study, the outcome variable adoption of SLM practices could take values ranging from 0 to 10. The households are heterogeneous because of differences in socio-economic, community, education, and other factors, so the likelihood of any household adopting the first SLM practice might vary from that of other households. In accordance with the method of Wollni et al. [74] , the model is specified as:
where y* is the latent variable (number of SLM practice) and takes the values 1 through 10, β is a vector of unknown parameters to be estimated, X is a vector of explanatory variables, and µ is the error term, which is assumed to be normally distributed with zero mean and a variance of one. The number of observed technologies (y) used is related to the underlying latent variable y* through the threshold µ n (n = 1, . . . ,10) and the probability that any given number of technologies (y) is used is calculated as follows:
The ordered probit estimation will give the threshold µ and vector parameter β. The threshold µ shows the range of the normal distribution associated with the specific values of the response variables. The remaining parameters (β) represent the effect of changes in explanatory variables on the underlying scale. When estimating the effect of livelihood diversification and adoption of SLM technologies, a potential endogeneity problem may arise. In our case, it may occur when an explanatory variable of choosing a certain livelihood strategy is jointly determined by the decision to adopt in the SLM adoption specification [75] . To address this problem, we tested for it in accordance with the method of Rivers and Vuong [76] by using a two-stage linear regression, and we confirmed that there was no endogeneity problem between livelihood diversification and adoption of a specific SLM technology. Table 2 summarizes the socio-economic characteristics of the survey respondents (see Table 1 for a description of the variables). For the entire sample, the average age of the household head was 49 years, the dependency ratio was 71%, the average household size was 5.4, and more than 80% of the study households were headed by males. Family size was significantly larger at Dibatie than Aba Gerima and Guder (p < 0.001). Most households in the watersheds are characterized as smallholdings, with an average of 1.03 ha of land (which sustains an average household size of about 5.4 people) and an average livestock holding of 3.97 TLUs. The average land holding was somewhat smaller than the national average farm (1.22 ha) [74] . Farmers in Aba Gerima held significantly more land than famers in Guder and Dibatie, while Dibatie farmers owned more livestock compared to Aba Gerima and Guder (p < 0.05) More than half (52%) of the sampled households reported having experienced anthropogenic (e.g., price inflation, poor access to social services) and naturally driven (e.g., drought, pest infestation, soil erosion, animal disease) stresses. Experience of these types of stressors differed significantly between watersheds with households in Aba Gerima reporting significantly more stress than Guder and Dibatie (p < 0.001). 
Results and Discussion
Summary of Socioeconomic Variables
Livelihoods in the Study Areas
The majority (81%) of surveyed households were engaged in crop and livestock production ( Figure 2 ). The result is closely in line with a report showing that an average of 79% of Ethiopian rural smallholding farmers earn income from agriculture [77] . In addition to engaging in their mixed crop-livestock farming system, a considerable number of households engage in off-farm and non-farm livelihood activities. Moreover, there was a statistically significant difference of mean income across watersheds as determined by one-way ANOVA (p < 0.001) for charcoal production (F(2, 270) = 13.03, p = 0.000), khat plantation income (F(2, 270) = 39.96, p = 0.000) and crop production (F(2, 270) = 7.50, p = 0.0007) significantly between watersheds with households in Aba Gerima reporting significantly more stress than Guder and Dibatie (p < 0.001). 
The majority (81%) of surveyed households were engaged in crop and livestock production ( Figure 2 ). The result is closely in line with a report showing that an average of 79% of Ethiopian rural smallholding farmers earn income from agriculture [77] . In addition to engaging in their mixed croplivestock farming system, a considerable number of households engage in off-farm and non-farm livelihood activities. Moreover, there was a statistically significant difference of mean income across watersheds as determined by one-way ANOVA (p < 0.001) for charcoal production (F(2, 270) = 13.03, p = 0.000), khat plantation income (F(2, 270) = 39.96, p = 0.000) and crop production (F(2, 270) = 7.50, p = 0.0007) High-value cash crops such as khat in Aba Gerima and Acacia decurrens for charcoaling in Guder are the dominant household livelihood activities in those watersheds. Because of increasing demand, khat cultivation has become a notable remunerative income source for households in the Aba Gerima watershed. Similar studies have shown that, despite its controversial social significance, khat makes a substantial contribution to the country's national income [78, 79] . Acacia decurrens was the dominant cash crop in the Guder watershed, where the charcoal is usually destined for markets [80] . In Dibatie, crop and livestock farming made a higher contribution to overall income.
Households were asked to mention the opportunities that were available to them to improve their livelihoods. Five opportunities were noted, but three of these are agriculture related, suggesting that there is little diversification beyond farming in rural Ethiopia. Except establishing retailing business, there was significant difference (p < 0.001) on the household's choices of existing livelihood opportunities across watersheds. The majority of the households reported that, if initial investment capital or credit were made available, they would prefer to invest the money in livestock fattening (92% of households in Guder, 72% in Aba Gerima, and 37% in Dibatie) (Figure 3) . A possible explanation for this could be, alike other parts of the rural Ethiopia, farmers' limited entrepreneurial competence would not be able to allow them to pursue other lucrative opportunities than livestock rearing, or it may be related to its multipurpose role to livelihoods of farmers through provision of food and income from products, employment, insurance against drought, fuel for cooking, manure for crops, and draught power for farming. On the other hand, it could also be related to their perception that livestock rearing outweighs others because of its capacity to optimally use available resources (e.g., crop residue, grass) that could not otherwise be utilized by them. High-value cash crops such as khat in Aba Gerima and Acacia decurrens for charcoaling in Guder are the dominant household livelihood activities in those watersheds. Because of increasing demand, khat cultivation has become a notable remunerative income source for households in the Aba Gerima watershed. Similar studies have shown that, despite its controversial social significance, khat makes a substantial contribution to the country's national income [78, 79] . Acacia decurrens was the dominant cash crop in the Guder watershed, where the charcoal is usually destined for markets [80] . In Dibatie, crop and livestock farming made a higher contribution to overall income.
Households were asked to mention the opportunities that were available to them to improve their livelihoods. Five opportunities were noted, but three of these are agriculture related, suggesting that there is little diversification beyond farming in rural Ethiopia. Except establishing retailing business, there was significant difference (p < 0.001) on the household's choices of existing livelihood opportunities across watersheds. The majority of the households reported that, if initial investment capital or credit were made available, they would prefer to invest the money in livestock fattening (92% of households in Guder, 72% in Aba Gerima, and 37% in Dibatie) (Figure 3) . A possible explanation for this could be, alike other parts of the rural Ethiopia, farmers' limited entrepreneurial competence would not be able to allow them to pursue other lucrative opportunities than livestock rearing, or it may be related to its multipurpose role to livelihoods of farmers through provision of food and income from products, employment, insurance against drought, fuel for cooking, manure for crops, and draught power for farming. On the other hand, it could also be related to their perception that livestock rearing outweighs others because of its capacity to optimally use available resources (e.g., crop residue, grass) that could not otherwise be utilized by them. 
Remunerative Livelihood Activities in the Study Areas
On the basis of the stochastic dominance criterion, khat production was the first-order stochastically dominant activity in Aba Gerima (Figure 4) . In Dibatie, crop production was dominant and livestock production was the second most dominant. In Guder, growing Acacia decurrens for charcoaling was the dominant remunerative livelihood strategy. According to Achamyeleh [81] , in comparison with other on-farm sources, acacia plantations made a very high contribution to the overall income of households in Guder. Similarly, Nigussie et al. [80] indicated that 84.6% of households reported income as their major motivation to plant Acacia decurrens. In addition, our 
On the basis of the stochastic dominance criterion, khat production was the first-order stochastically dominant activity in Aba Gerima (Figure 4) . In Dibatie, crop production was dominant and livestock production was the second most dominant. In Guder, growing Acacia decurrens for charcoaling was the dominant remunerative livelihood strategy. According to Achamyeleh [81] , in comparison with other on-farm sources, acacia plantations made a very high contribution to the overall income of households in Guder. Similarly, Nigussie et al. [80] indicated that 84.6% of households reported income as their major motivation to plant Acacia decurrens. In addition, our findings showed that charcoaling and khat production were the most inferior (i.e., least lucrative) of the six livelihood strategies in Aba Gerima and Dibatie, respectively. findings showed that charcoaling and khat production were the most inferior (i.e., least lucrative) of the six livelihood strategies in Aba Gerima and Dibatie, respectively. 
SLM Practices in the Watersheds
Among the surveyed SLM practices, the most commonly reported SLM technologies included crop rotation, chemical fertilizer use, gabion check dams, wooden check dam, gully filling, fencing, residue management, traditional terracing, soil bunds, diversion channels, and waterways. Crop rotation, fertilizer application, use of soil bunds, traditional terracing, and residue management were reported to be the most extensively applied SLM practices. Aba Gerima watershed had the highest percentage of households implementing SLM activities ( Figure 5 ). Similar results were reported by Nigussie et al. [53] , who reported that agroforestry, drainages, and application of manure and fertilizers were commonly implemented in Aba Gerima. In this study, fencing, gabion check dams, and gully filling were the least used SLM practices. Note, however, that the abovementioned technologies are community-wide practices, and households were asked for their participation in these operations. 
Drivers of Livelihood Diversification
We used a multivariate probit model to analyze the likelihoods of households engaged in a certain livelihood activity associated with a set of factors related to household, socioeconomic, location, and asset features. On-farm activity was negatively correlated with both off-and non-farm activities, indicating that households that diversified into with in on-farm activity may not have had a chance to engage in the other activities. Conversely, off-farm activity was positively correlated with non-farm activity, implying that households that had engaged in wage employment activities may also have engaged in non-farm activities ( 32 in Table 3 ).The likelihood ratio test of the independence of the error terms of the various livelihood activity equations was strongly rejected (χ 2 (3) = 46.9552, p < 0.001) ( Table 4) . We therefore adopted the alternative hypothesis of mutual interdependence among livelihood strategies. Note: ρ21 = ρ(off-farm, on-farm), ρ31 = ρ(non-farm, on-farm), ρ32 = ρ(non-farm, off-farm). 
We used a multivariate probit model to analyze the likelihoods of households engaged in a certain livelihood activity associated with a set of factors related to household, socioeconomic, location, and asset features. On-farm activity was negatively correlated with both off-and non-farm activities, indicating that households that diversified into with in on-farm activity may not have had a chance to engage in the other activities. Conversely, off-farm activity was positively correlated with non-farm activity, implying that households that had engaged in wage employment activities may also have engaged in non-farm activities ( 32 in Table 3 ). The likelihood ratio test of the independence of the error terms of the various livelihood activity equations was strongly rejected (χ 2 (3) = 46.9552, p < 0.001) ( Table 4) . We therefore adopted the alternative hypothesis of mutual interdependence among livelihood strategies. Gender of the household head significantly influenced the probability of adopting certain livelihood strategies (Table 4) , and males were more likely to participate in on-farm livelihood activities (p < 0.05). Our result is in line with that of Ragasa et al. [82] , who also reported that male-headed households have more productive labor and asset ownership than their female counterparts when it comes to on-farm activities. Female-headed households can be characterized by a lack of access to asset ownership and adequate labor to pursue on-farm activities. The probability of participation in non-farm livelihood activities decreased with increasing household size (p < 0.05), perhaps because larger households had more dependents. Likewise, Babatunde et al. [18] reported that the larger the household, the less likely it was to support activities other than agriculture. As expected, the dependency ratio significantly influenced all livelihood diversification choices. A negative effect was observed with on-farm livelihood activities (p < 0.01); this may indicate that households with more dependents were less likely to choose on-farm activities because of a shortage of active working labor. Eswaran and Kotwal [83] reported that households with more active working labor yielded higher levels of productivity for smallholder farmers. Conversely, households with more dependents tended to choose off-farm (p < 0.01) and non-farm (p < 0.05) livelihood activities. A possible explanation for this could be that a larger household could shift available labor to alternative off-and non-farm livelihood activities. Note: Standard errors are given in parentheses. Likelihood ratio test of overall error terms correlation: 21 (off-farm, on-farm) = 31 (non-farm, on-farm) = 32 (non-farm, off-farm) = 0: χ 2 (3) = 47.8868, Prob > χ 2 < 0.001. Significance levels are indicated as follows: * 10%, ** 5%, *** 1%.
Market distance significantly affected the choices of off-farm (p < 0.05) and non-farm (p < 0.05) livelihood activities, but in opposite directions ( Table 4 ). The regression result had a negative value for the choice of off-farm activity, which may suggest that, as the labor market distance increased, households were less likely to choose this option. Our finding that market distance affected off-farm income is well substantiated by Ellis and Bahiigwa [84] , but differs from the results of Kung and Lee [85] . In contrast, market distance had a positive influence on the choice of non-farm activities.
In our discussion with the residents of Aba Gerima and Guder, we learned that when some products, such as khat and charcoal, were directly sold at distant marketplaces they might have achieved higher prices than could have been obtained from local buyers. In addition, demand for these products might have been higher in distant markets than in closer ones. Using panel data, Jiao et al. [86] revealed that access to infrastructure would help households to diversify to more remunerative strategies.
Contrary to our initial expectation, access to credit showed a significant effect only for on-farm activities (p < 0.05) ( Table 4) . These results could be related to targeting and efficiency issues related to the credit service. It is also possible that the sampled households may have used this credit for on-farm inputs, such as fertilizers, improved seeds, or consumption smoothing. A more profound study done in Ghana revealed a similar result, which indicated that households who received credit found to be effective in terms of improving agricultural productivity and it also helped them to diversify their livelihoods [24] . This idea is in line with the work of Mulwa et al. [87] , who found that access to credit allowed households to adopt soil and water conservation activities that help them to invest more in agricultural inputs. Credit users also may not use the financing for the intended purpose of diversifying their income sources [47] . A similar result was found in rural Niger, where access to financial institutions in the community seemed to negatively affect the probability of participating in businesses activities [59] . In contrast, Mentamo and Geda [88] reported that credit access increased the extent of livelihood diversification in Kadida Gamela district, Ethiopia.
Access to extension services had a significant positive effect on the choice of off-farm livelihood activities (p < 0.05) ( Table 4) . A similar result was also reported by Chikobola and Sibusenga [89] . Extension services customarily help households increase production and productivity within the farming system itself [20, 22, 47] . However, the present findings could be attributed to the fact that these services may include small-scale employment opportunities (e.g., off-farm activities). For example, in northern Ethiopia, agricultural extension programs that made use of public employment schemes such as "food for work" helped farmers to shift to off-farm livelihood sources [27] .
As anticipated, membership in rural cooperatives had a significant positive effect on diversification to non-farm livelihood activities (p < 0.01). This finding underscores the importance attached to the entry barrier households face in terms of initial capital, because these cooperatives might help them to access credit [26] . Previous studies have also reported that membership in formal and informal community organizations can help smallholder farmers to address financial constraints, gain social cohesion and skills, and increase their market networking in selling and buying products [20, 25, 44, 84, 90, 91] .
Household income had a significant positive effect on the choice of on-farm activities (p < 0.1), but it had a significant negative influence on non-farm livelihood activities (p < 0.01) ( Table 4) . This finding may suggest that, despite the increased income, these households still do not have a strong incentive to diversify their livelihood sources. As discussed earlier, access to credit also seemed to make households focus on on-farm livelihood activities. A similar finding was reported by Ellis and Bahiigwa [84] , who found that a greater income may aid in the timely purchase of farm inputs, such as fertilizers, improved seeds, or the ability to hire wage labor, leading to enhanced cultivation practices and higher productivity.
The aggregate stress/shock index had a significant positive affect on a household's decision to participate in off-farm livelihood activities (p < 0.05). For example, exposure to seasonal rainfall may force households to look for short-term solutions, such as engaging in daily labor. In a study carried out in Zambia, Gautam and Andersen [92] argued that households tended to choose livelihoods related to short-term gains when they experience shocks like the lack of seasonal rainfall. Moreover, our result supports the theory of distress-driven livelihood diversification, as opposed to progressive-driven diversification, in the region [19, 21, 84, 93, 94] . Woldehanna [27] , Kasie et al. [94] , Dercon [93] , and Block and Webb [39] reported a similar result in Ethiopia, where the amount and variability of rainfall had a significant effect on the decision by households to engage in any type of off-farm work. Likewise, studies conducted in Uganda [95] and in Indonesia [96] confirmed that rural household labor adjustment decisions serve as a coping mechanism in response to agricultural shocks.
Livestock holding had a significant positive effect on the choice of non-farm livelihood activities (p < 0.05). Similarly, Ellis [19] and Kassie et al. [20] found that increasing livestock holding is an essential financial safeguard to starting a new livelihood and helps farmers to diversify both within and outside agriculture. In addition, higher agricultural intensification had a significant positive effect on the choice of on-farm livelihood activities (p < 0.05). This could mean that, as more households adopt agricultural technologies and inputs, more will stay on the farm. This result is in line with that of Sanders and McKay [97] and Verkaart et al. [98] , who reported that households with greater agricultural intensification and productivity were less likely to be driven to diversify to other sources of income. In terms of study locations, significant differences were observed in the probability of adopting non-farm and off-farm livelihoods among the different agro-ecological areas (Table 4 ). Despite the fact that most households in the watersheds practice crop-livestock mixed farming, a substantial difference was observed in activities such as khat and charcoal production (Figure 3) . Similarly, Tesfaye et al. [99] , Ellis [19] and Peng et al. [100] indicated that geographical locations, and policies related to ecologies determines the choices of livelihood strategies.
Effects of Extent of Livelihood Diversification on SLM Practices
The livelihood diversification index had a mean of 0.10 and a standard deviation of 0.18, indicating that households tended to be relatively concentrated in their main sources of income. The maximum estimation was 0.64 and the minimum was 0. A relatively high diversification was found in Dibatie (0.13), whereas in Guder it was lower (0.07). The values of livelihood diversification were roughly similar in studies carried out in different parts of Ethiopia [20, 39, 47, 99, 101, 102] . Conversely, a higher extent of livelihood diversification was revealed in studies conducted in Tigray and Gamebella [103, 104] .
We also estimated an ordered probit model to investigate the marginal effect of each covariate on the probability of adopting SLM practices by the respective households. The joint test of all slope coefficients proved that our null hypothesis was rejected (Table 5) . Overall, the results showed that livelihood diversification had a positive effect on a small number of SLM practices, but there was a negative relationship when the number SLMs increased ( Table 5) .
As shown in Table 5 , an increase in a household's livelihood diversification status increases the probability of selecting zero, one, two, or three SLM practices by 3% (p < 0.1), 5.3% (p < 0.05), 7.3% (p < 0.05), and 9.3% (p < 0.05), respectively. Conversely, an increase in the livelihood diversification status decreases the probability of adopting five, six, seven, or eight SLM practices by 7.3% (p < 0.05), 5.6% (p < 0.05), 9% (p < 0.05), and 2.6% (p < 0.1), respectively. Generally, livelihood diversification shows mixed results in that it favors a lower level of SLM adoption intensity and disfavors higher level of adoption of SLM. These results clearly show the complementary nature of having diversified livelihood strategies and carrying out SLM activities in these watersheds for a relatively low number of SLM adoptions. A slightly similar result was revealed in Gozamin district, Ethiopia [20] where livelihood diversification was positively associated with farmland management strategies. Compared with the case when the household head has any level of education, the probability of adopting five, six, seven, and eight SLM practices was higher by 0.6 (p < 0.05), 0.5 (p < 0.05), 0.7 (p < 0.05), and 0.2 (p < 0.1) percentage points, respectively, among household heads of higher education levels (Table 5) . Similar studies in the study watersheds and elsewhere in Ethiopia have revealed that more educated heads of households have a higher probability of adopting SLM practices [37, 53] . Access to credit was found to have a positive effect on adopting a higher number of SLM practices. Compared with the case when respondents had no access to credit, the probability of adopting five, six, seven, or eight SLM practices was higher by 4.1 (p < 0.05), 3.2 (p < 0.05), 5.1 (p < 0.05), and 1.5 (p < 0.05) percentage points, respectively, for respondents who had access to credit. This could possibly be associated with owning more livestock, as it is a liquid asset and provide financial safe guarding [105] . Likewise, in India, Aryal et al. [106] revealed that more ownership of livestock showed a higher intensity of adoption of climate-smart agricultural practices. These findings are in line with those of Nigussie et al. [53] , who reported that credit access could encourage the adoption of manure application.
With regard to the shock index, the more severe its impact, the lower adoption intensity for greater intensity level of SLM adoption. For example, the probability of adopting five, six, seven, and eight practices was higher by 11.6 (p < 0.05), 8.9 (p < 0.05), 14.2 (p < 0.05), and 4.1 (p < 0.05) percentage points, respectively, for those who experienced a lower shock. Likewise, in their comparative study of Thailand and Vietnam, Nguyen et al. [107] revealed that farmers' experience with weather shocks affected their decision priorities relative to what type of land management practices they should engage in. Nigussie et al. [53] revealed that a higher erosion risk promoted the adoption of SLM practices in a similar area in the Upper Blue Nile basin. This clearly indicates that, when there are few or no shocks, rural households will have more time and labor to invest in SLM practices instead of looking for coping mechanisms to deal with a crisis. Overall, these results showed the varied magnitude and effect of the explanatory variables on the different SLM adoption intensities.
Conclusions and Implications
In the Northwestern part of Ethiopia, despite efforts to improve livelihoods of smallholder farmers through promoting their uptake of SLM practices, there is still marked inadequacies of the level of adoption of these strategies and their effect on the sustainability of livelihoods. Rural households always try to diversify their sources of income within and outside of agriculture, and this could be associated with the decision and extent of adopting of certain SLM measures on their farms. There has been a wealth of research evidence available in terms of looking at livelihood diversification and adoption of SLM practices, treating them as separate research topics. However, earlier research works have paid little attention to the links of these two research domains. As a result, this particular study was conducted to be able to extend existing knowledge on this issue.
We used data obtained from a cross-sectional household survey to examine the extent and drivers of livelihoods diversification in the Upper Blue Nile basin of Ethiopia, as well as the effects of diversification on the adoption intensity of SLM practices. In the study sites, for majority of the smallholder farmers, non-farm and off-farm livelihood activities were accounted as supplementary sources to the on-farm livelihoods. The study revealed that crop production, livestock production, charcoaling, khat plantation, transfers, and less capital-intensive activities such as casual daily labor are the most prominent livelihood activities. With more dependents, households tend to choose off-farm and non-farm livelihood strategies. In addition, households' access to credit was found to favor the probability of selecting on-farm livelihoods. Owning more livestock and being a member of community-based organizations increase the probability of participating in non-farm livelihood strategies. Therefore, for more diversified livelihood strategies, it is important to focus on policies and programs that enhances household's livestock production and degree of participation in community-based organizations; and for those who opted to stay in agriculture, facilitating financial supports could contribute to sustaining their agricultural livelihood. Better-off households preferred to stay in on-farm, while poor farmers opted for non-farm livelihoods. The results clearly showed the complementary nature of having diversified livelihood strategies and carrying out SLM activities in the study watersheds for a relatively low number of SLM adoptions. While there is heterogeneity of factors which influence the adoption intensity of any of the 10 SLM practices, findings of this study underscore the importance of higher level of education, better access to credit, shock/stress experience, and more livestock wealth on higher adoption intensity of SLM practices. Likewise, agro-ecological heterogeneity also found to have an influence for higher adoption rate in Aba Gerima (mid land) and Dibatie (low land) watersheds.
Overall, the following important conclusions can be drawn. First, despite the availability of few different livelihood activities in the study areas, diversification as such does not contribute to higher overall income. More important is a household's ability to engage into lucrative sectors with better returns into its livelihood portfolio (e.g., khat production in Aba Gerima and Acacia decurrens charcoal production in Guder). Second, decisions to diversify to another livelihood activity are dependent on the gender of the household head, distance to markets, access to credit and extension services, membership in community-based organizations, dependency ratio, level of income, agro-ecological setting, household size, exposure to shocks, livestock holding, and agricultural intensification. Third, a higher extent of livelihood diversification favors a lower level of adoption of SLM practices, whereas the reverse is true for a higher level of SLM adoption. A prospective look at livelihoods in the context of these factors would likely help households to be able to exploit new economic opportunities more effectively in the future. Experiencing stress/shocks tended to push households toward earning short-term economic gains; this can be seen as a coping strategy, but it is not a sustainable way of promoting livelihoods in these watersheds.
Results have implications for development planners in the Upper Blue Nile basin and elsewhere in the country where rain fed agriculture is predominantly make up the livelihoods of the majority of its population there by diversifying livelihood sources is essentially needed to sustain and promote livelihoods. More emphasis should be given to remunerative livelihoods like Acacia decurrens and khat plantations while not disregarding their environmental and social feasibility. Sustainable livelihood initiatives that focus on increasing access to financial support mechanisms, improved livestock production, quality extension services, and shock/stress resilience mechanisms, while also accounting for agro-ecological differences, are much needed. In this regard, livelihood transformations to cash crops like Acacia decurrens in Guder and khat plantation in Aba Gerima should profoundly be studied as to how they are ecologically, socially and economically feasible. Strengthening policies that encourage positive interplay between diversifying livelihood strategies and SLM practices could help in the attempt to achieve a sustainable agriculture system. This cross-sectional study contributes to the literature of the nexus between rural livelihoods and management of natural resources using three selected watersheds of Upper Blue Nile basin. Hence, further lines of research on a broader location, dynamic links between livelihood diversification and adoption intensity of SLM practices, and economic benefits of SLM practices will be helpful. 
